Introduction
The annual cycle of reproduction of the vole (Microtus agrestis) involves a breeding season which generally lasts from March until the end of September, and a non-breeding period from October to March (Baker & Ranson, 1933) . In the non-breeding period two types of animal can be recognized: voles that were sexually mature in the preceding breeding season, and voles born late in the previous breeding season and which, because of the unfavourable environmental conditions of the autumn, do not become sexually active in the year of their birth (Clarke & Forsyth, 1964) . The main environmental factor determining the reproductive state of voles is daylength (Baker 8c Ranson, 1932 , 1933 Clarke & Kennedy, 1967; Grocock & Clarke, 1974) . Rearing laboratory bred voles from birth in short (6 h light:18 h dark; 6L:18D) or long (16L:8D) photoperiods can be used to give some idea of the state of the hypothalamo-hypophysial-gonadal system in animals in which sexual development is inhibited by the onset of autumn soon after their birth, and in others that mature sexually after their birth in spring (Craven & Clarke, 1982) . It is obvious that, after the change from a non-stimulating to stimulating photoperiod, complete sexual maturation of a seasonally breeding mammal such as the vole, with the formation of spermatozoa and ovulable follicles, will take a number of weeks, since growth and differentiation of gonadal tissues and cells must occur (Pedersen, 1970; Grocock & Clarke, 1975) . Alteration in the activity of the anterior pituitary in such circumstances is likely to be very much more rapid. The speed of this response could serve to define characteristics of the neuroendocrine systems responsible for the reaction to photoperiod.
The system in the Japanese quail, reacting to a first long photoperiod within the first 24 h of its onset, is presumably organized in a different way from that of the Soay ram, in which the response to sustained stimulating photoperiods occurs some days after they have begun (Follett, Davies & Gledhill, 1977; Lincoln & Peet, 1977) . A preliminary study showed that quite large increases in uterine, ovarian and pituitary weight occur in voles within 2 weeks of a shift from 6L:18D to 16L:8D (Clarke, 1972) . Here we report the change in gonadotrophin secretion and in the size of testes and seminal vesicles of voles exposed to 6L: 18D for the first month after birth, and then transferred for up to a further 2 months to 16L:8D. Such alterations can be taken to represent at least some of the aspects of the transformation of overwintered 'inhibited' animals as they experience their first spring.
Materials and Methods
Voles were from the colony maintained in the Department of Agricultural Science, Oxford. They were fed and housed as described by Grocock & Clarke (1974 (Craven & Clarke, 1982) . Plasma and pituitary gonadotrophins were assayed using a heterologous double-antibody radioimmunoassay, using the ultra-microassay described by Naftolin & Corker (1971) . The lowest detectable levels were 01 ng LH/ml and 10-8 ng FSH/ml. Samples from a single pool of plasma from castrated voles were assayed and used to calculate inter-and intra-assay coefficients of variation which were, respectively, 8-4% and 6-7% for LH and 5-4% and 8-1% for FSH.
Data were analysed by analysis of variance and the t test for the significance of differences between means. Values of < 005 have been regarded as indicating statistical significance.
Results

Organ weights
Analyses of variance showed that the pituitaries, testes and seminal vesicles increased in weight significantly over the 56 days of each treatment (Fig. 1) . However, the increase in weight of these organs was in absolute and relative terms very much greater in the voles exposed to 16L:8D than in those exposed to 6L:18D. Testes were significantly larger after 7 days, and pituitaries and seminal vesicles after 14 days, in the animals exposed to 16L:8D, and significant differences in organ Fig. 1 (Fig. 2) . Pituitary LH values also changed significantly with time in voles exposed to 16L:8D, but not in those that remained in 6L: 18D (Fig. 2) (Fig. 2) . Analysis of variance also showed that pituitary FSH changed significantly with time in both photoperiods (Fig. 2) . By Day 4 of exposure to 16L:8D, pituitary FSH values had dropped to a value significantly lower than that for voles continuing in 6L:18D. By 7 days, the concentrations of FSH in the pituitary were the same in animals in both photoperiods, and thereafter significantly higher (except on Day 42) in voles exposed to 16L:8D than in those remaining in 6L:18D (Fig. 2) .
Discussion
As judged by the concentrations of FSH and LH, an increase in the activity of the hypo¬ thalamo-hypophysial system of the 'inhibited' vole occurs within 4 days of exposure to a long photoperiod. The time course for these changes is appreciably slower than the equivalent response reported for the Japanese quail, but similar to that for golden and Djungarian hamsters, and Soay rams (Berndtson & Desjardins, 1974; Follett et al, 1977; Lincoln & Peet, 1977; Simpson, Follett & Ellis, 1982 As judged by increase in weight of seminal vesicles the onset of appreciable secretion of testicular hormones appears to take place during the first 14-21 days of exposure to long photo¬ periods. It can therefore be concluded that exposure of voles to long photoperiods results in a direct stimulation of the hypothalamo-hypophysial system which increasing concentrations of testicular hormones are initially unable to inhibit. Such a direct effect of photoperiod has already been suggested for the snowshoe hare, the ram, the mare, the golden and Djungarian hamsters (Davis & Meyer, 1973; Pelletier & Ortavant, 1975; Garcia & Ginther, 1976; Ellis & Turek, 1980; Urbanski & Simpson, 1982 ,1983 . Pituitary FSH concentrations in voles remaining in the short photoperiod were lower than those reported previously (Craven & Clarke, 1982) , but in the earlier study hormone values were measured at 14 to 56 days of age in voles exposed from birth to long or short photoperiods. In animals living in the short photoperiod, the high pituitary content of FSH up to 35 days suggested that storage of FSH occurs during the initial post-natal exposure to short photoperiod. It seems likely that in the present experiment voles had passed through this storage phase during the initial 28 days in the short photoperiod to which all animals were subjected before the contrasting treatments began.
Changes in organ weights occur almost as rapidly as the alterations in synthesis and release of gonadotrophins. Significant increases in testicular weight had occurred after 7 days, and in pituitaries and seminal vesicles after 14 days exposure to the long photoperiod. Over comparable periods after first exposure to 16L:8D, whether from birth (Craven & Clarke, 1982) or from 28 days of age in the present study, rates of growth of the testes, seminal vesicles and pituitary gland are essentially the same. However, in the present study these organs were appreciably larger. At the start of treatments males transferred to the long photoperiod from the short were 28 days old, and despite being reared in 6L:18D up to that age, testes and seminal vesicles had grown from weights at birth of 2-7 + 0-2 and 0-12 ± 0-02 mg respectively, to 40 ± 4-0 and 1-7 + 016 mg (Grocock, 1972 (Grocock, , 1979 Craven & Clarke, 1982) .
Examination of changes in synthesis and release of LH and FSH in the present results and in voles exposed from birth to long or short photoperiods (Craven & Clarke, 1982) suggests that the response to long photoperiod applied from birth is different from that of animals reared from birth to 28 days in short photoperiod and then transferred to long photoperiod. Pituitary concentrations of LH had increased significantly after 14 days in animals transferred to 16L:8D, while there was no significant increase in pituitary LH until 35 days in those born in a long photoperiod (Craven & Clarke, 1982) . Likewise, the alterations in FSH synthesis and release after the start of 16L:8D do not occur at corresponding times in transferred voles and those born and reared in the long photoperiod. Horton (1984a, b) has shown that the photoperiod occurring before weaning and even during pregnancy influences the post-weaning or post-natal development of montane voles (Microtus montanus). If montane voles are exposed to 8L:16D before weaning, or if pregnant females experience this photoperiod during gestation, the sexual development of weaned or of newborn voles in 14L:10D is greater than those exposed to 16L:8D before weaning, or born from females given such a photoperiod during gestation, and then placed in 14L:10D. However, unlike the suggestion from the present results, sexual development of montane voles at the age of 74 days is the same whether they have been exposed to 8L:16D or 16L:8D up to the age of 18 days, and thereafter to 16L:8D.
